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SUBJECT: Structural and RF Analysis of LANL 2 Gap, 350 MHz
Spoke Resonator Cavity

Introduction:

As requested, a combined structural and RF analysis of the LANL 2-gap, 350
MHz spoke resonator has been performed.  This memo summarizes the model
predictions for maximum end flange deflections and reaction forces during tuning, cavity
stress and deflections under vacuum loads, and resonant structural frequencies.  In
addition, predictions for shifts in resonant RF frequency are presented.  The results
shown in Tables 1 through 4 summarize the model predictions for the various conditions
considered.  Material properties are listed in  Table 5.

Models:

Figures 1, 2a, and 2b show external and a section views of the cavity.  Figures 3a
and 3b show the section views along with some dimensions to indicate the overall size
of the cavity.  Although Figure 3a shows the annular stiffener diameter as 26 cm, 24 and
28 cm diameters were also considered.  Four models of the spoke resonator have been
constructed for MICAV and COSMOS/M.  The first is a solid model of the RF volume that
is used to predict RF resonant frequencies, while the three remaining models are shell
models of the cavity structure with the various annular stiffener diameters mentioned
previously.  The structural models were constructed such that the resulting nodal
displacements could be imposed directly on the RF volume model, resulting in resonant
RF frequency shift predictions for the deformed geometries.  Figures 4 and 5 show the
mesh used in the RF volume model while Figures 6 and 7 show the structural mesh for
the 26 cm diameter annular stiffener model.  Material properties were taken as the
ambient temperature niobium properties listed in Table 3 of LA-UR # 99-5826 and are
reproduced in Table 4.

The RF model was meshed with four node tetrahedral elements resulting in
problems with approximately 60,000 elements while the structural models were meshed
with three node shell elements resulting in problems with approximately 10,000
elements.

Boundary Conditions:

Two sets of boundary conditions were imposed on each of the three structural
models to simulate two methods of tuning the cavities.  In the first the annular stiffeners
are fully constrained while a fixed deflection is imposed on each of the bore tube end
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flanges.  In the second the fixed deflection is imposed on both the annular stiffeners and
the bore tube end flanges.  The amount of the fixed displacement was varied until the
resulting peak stress reached the level specified in Table 1 of 7000 psi, corresponding
to the yield point of room temperature niobium.  Since the model was linear this trial and
error procedure was trivial.

The cavities were also analyzed under vacuum loading conditions.  In these
cases both bore tube end flanges and both annular stiffeners were fully constrained while
2X atmospheric pressure (29.4 psi) was applied to all external surfaces.

Lastly the cavities were also analyzed in order to predict resonant structural
frequencies.  In these cases, as with the vacuum loading cases, both bore tube end
flanges and both annular stiffeners were fully constrained.

Results and Discussion:

Results for each tuning sensitivity case considered are shown in Table 1.  In an
effort to test the MICAV RF predictions, similar simulations were run for the ANL 2-gap
cavity for which some experimental results are available.  Table 2 summarizes the
MICAV predictions for the ANL cavity as well as some of the experimental results
obtained by Tsuyoshi Tajima, Robert Gentzlinger, and Alan Shapiro.  It should be noted
that the MICAV RF predictions show good agreement with available data.  This is a
significant benefit since in the past MICAV has only been tested against other computer
codes without the benefit of experimental data.

The maximum tuning sensitivity of 46 KHz/mil occurs with the 24 cm diameter
annular stiffener although there is not a large difference in the sensitivity between the
various sizes of stiffeners. As the table indicates, the significant improvement in tuning
sensitivity occurs when driving the annular stiffener along with the bore tube end flange
as opposed to fixing the stiffener.  Figures 8 and 9 are typical of the stress and
displacement plots for the case when the stiffener and end flange are driven together.

Table 3 lists the results for the vacuum loading cases and indicates peak
stresses with 2X atmospheric pressure of 5181 psi, 74% of the room temperature yield
strength of niobium.  As the table indicates there is not a significant difference between
the various sizes of stiffeners.  Figures 10 and 11 are stress and displacement plots for
the vacuum loaded 26 cm diameter cavity.  These figures show that the areas of peak
stress are in the spoke and not on the cavity exterior, so they are not affected
significantly by the size of stiffener.

Table 4 summarizes the resonant structural frequency predictions and indicates a
very stiff structure with the lowest structural resonant frequency predicted to be 270 Hz.

Summary:

A structural analysis of the 2-gap, 350 MHz spoke resonator cavity has been
performed in order to determine maximum end flange deflections and flange reaction
forces during tuning, cavity stress and deflections under vacuum loads, and resonant
structural frequencies.  The analysis indicates that there is not a significant variation in
performance with stiffener diameter over the range considered, however a significant
improvement in tuning sensitivity can be realized by moving the annular stiffeners with
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the bore tube end flanges.  This improvement stems from the larger endwall deflections
that can be imposed on the structure in this configuration before peak stresses reach
7000 psi.
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